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SUMMARY OF MAIN ACCOMPLISHMENTS 
Demonstration of aKar use under field conditions. An innovative san1pling device was 
developed for in situ impregnation and sampling of the San Francisco Bay sand fills. The device 
consisted of a conventional piston sampler retrofitted with an additional outer shell around the 
sampler to provide an annular space for placement of a heat coil and to permit radial injection of 
agar impregnate into samples at the bottom of a boring. Related innovations included 
development of the equipment required on the ground surface and between the surface and 
sampler to permit in situ impregnation using the piston sampler. The device was successfully 
used for sampling of the referenced sand fills both above and below the ground water table. 
Identification of aKarose as a more desirable imprepate over aKar. As outlined by previous 
research on agar impregnation (Schneider, 1985), the gelling and gel melting characteristics of 
agar, while being the best available at the time, were not optimum for the proposed sampling 
with minimum disturbance. Specifically, both the gelling (60°C) and gel melting (90°C) 
temperatures were relatively high, increasing the risk of soil disturbance due to heating alone. 
During this project, a search for a more suitable impregnate concluded vvith selection of agarose 
as an impregnate with more desirable impregnate properties. Agarose is a derivative of agar 
which is used in DNA research and for laboratory micro sieving. Various types of agarose are 
now commercially available with differing strengths, and gelling/gel melting temperatures. For 
this research, an agarose with a gel strength higher than agar and With lower gelling (28°C) and 
gel melting ( 65°C) temperatures was selected. 
Development of an aKar/agarose impregnate removal apd triaxial testinl system. A simple 
prototype of an agar/agarose impregnate removal system was developed to permit specimen 
trimming, confinement, impregnate removal and triaxial testing of specimens collected in the· 
field. This system was used in the project for agarose removal from specimens impregnated in a 
chamber constructed to simulate in situ impregnation. The system was also used for studying the 
effects of heating, impregnation and impregnate removal from triaxial specimens. 
Demonstration that agarose impregnation bas little to no effect op cyclic mobility apd 
draiped monotonic behavior. The project studied the effects of drained heating, impregnation 
and impregnate removal on the monotonic and cyclic behavior of clean sands. Two sands 
(Ottawa F-125 modified for an 80-200 blend and Ottawa 20-30) at several relative densities were 
subjected to cyclic mobility testing both with and without agarose impregnation to study the 
effect of agarose impregnation on the cyclic mobility behavior. The results indicated little to no 
significant effect of agarose impregnation on cyclic mobility. Drained monotonic triaxial tests 
were performed on Ottawa 20-30 sand and while there was no significant effect on the 
stress-strain behavior, a possible slight effect was indicated in the dilation of the specimens. 
Further investigation of this possible effect was recommended for future research. 
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Demonstration of a self boring jmprepation device jn a laboratory testing chamber. A 
series of tests were performed to simulate in situ impregnation in a large tank filled with clean 
Valdosta 16-40 sand at several relative densities. The impregnation was performed using a 
heated impregnation pipe to simulate a self boring in situ impregnation tool. These tests 
demonstrated that an approximately 1 foot diameter bulb of agarose impregnated soil could be 
formed in clean sands below the water table. After impregnation, the bulbs were hand excavated, 
quartered, and trimmed into cylindrical specimens for triaxial testing. The drained triaxial tests 
indicated consistent void ratios and similar stress-strain and dilatancy behavior for the four 
specimens from any given bulb. The results suggested that even if some disturbance occurs due 
placement of the impregnation tool and sampling, the disturbance could be consistent and 
quantifiable for a given deposit. The testing also showed the stability of agarose impregnated 
sands in unconfined conditions and the practicality of trimming and mounting agarose 
impregnated sands. 
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Publications already in print (s:opies enclosed) 
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Impregnation." Ph.D. thesis, Georgia Institute of Technology, 213 pages. 
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Planned Publications 
Sutterer, K. G., Chameau, J.-L., and Frost, J.D. "The Effects of Agarose Impregnation on the 
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